To evaluate the gastrocnemius/soleus and biceps brachii muscle stiffness by Acoustic Radiation Force Impulse (ARFI) elastography in the hemiplegia patients, sixty patients with hemiplegia after stroke were recruited. Baseline data were collected including age, gender, body mass index, education level, dominant side, affected side, time since stroke, stroke etiology. All patients were evaluated with before treatment and posttreatment with Broonstroom staging, Modified Ashworth spasticity scale, and Functional Independence Measures scale. The patient was divided into 3 groups: 1) Neuromuscular electrical stimulation group, 2) Rehabilitation group, 3) Neurumusculer electrical stimulation + Rehabilitation group. Affected and unaffected side biceps and gastrocnemius, ARFI elastography measurements were used to measure thickness and elastic values. In addition, before and after treatment, length and thickness were measured from all patients. Of the 60 subjects, 28 were female (46.7%) and 32 (53.3%) were males, with an average age of 58.42 ± 9.03 years. There was a significant difference between the upper and lower limbs after the treatment in terms of Brunstroom staging. In terms of Modified Ashworth scale, there was a significant difference in lower extremity only after treatment. When compared to the affected/unaffected side, before and after treatment, there was a significant difference in the measurements in both the medial gastrocnemius and the lateral gastrocnemius in all three groups. Further research with larger numbers of patients for longer periods is needed to clarify the relationship between the muscle hardness and degree of spasticity. 
Introduction
Hemiplegia/hemiparesis is a common complication of stroke [1] . Hemiparesis, or muscular weakness of the upper and lower legs contralateral to the brain lesion, is the most frequent sign following a stroke or intracerebral hemorrhage [2] . In these patients, muscle weakness develops rapidly after stroke, contributing to reduced functional ability [3] . Following a stroke, a number of residual neurological-and functional limitations persist, including muscle weakness as a very common impairment. Restoring muscle strength is, therefore, a basic element in stroke rehabilitation [4] .
In recent years, sonoelastography has been used to evaluate the skeletal muscles [5] [6] [7] [8] . There are several elastography techniques including sonoelastography, shear wave elastography, transient elastography, and acoustic radiation force elastography; each of which has a different type of stress application and method used to detect tissue displacement and construct the image [9] . Acoustic radiation force impulse (ARFI) strain imaging is an alternative approach for measuring strain. In this technique, a short-duration (0.1 -0.5 ms) high-intensity (spatial peak pulse average = 1400 W/cm 2 , spatial peak temporal average = 0.7 W/cm 2 ) acoustic "pushing pulse" (acoustic radiation force) is used to displace tissue (displacement of ~10 -20 μm) in the normal direction, i.e. perpendicular to the surface. Thus, it is a less operator-dependent technique. In ARFI imaging, these speeds are given in m/s [10] . ARFI imaging has been used to study a variety of tissues, including liver [11] , breast [12] , kidney [13] , spleen [14] , prostate [15] , pancreas [16] , testes [17] , thyroid [18] , and muscle and tendon [19] . There are few studies that ARFI elastography used in hemiplegic patients. Some earlier studies have measured SW speed in muscles such as the biceps brachii [20] [21] [22] , vastus lateralis muscles [22] and gastrocnemius [22] [23] in flexor digitorum superficialis/flexor digitorum profundus [24] , both healthy individuals and in individuals with neuromuscular dysfunction such as spasticity [25] [26] [27] [28] .
By the use of this technique, the study proposed two principal objectives: firstly, the evaluation of the gastrocnemius/soleus and biceps brachii muscle stiffness in the hemiplegia patients and, secondly, to evaluate using ARFI the relationship between spasticity in the upper and lower extremities.
Methods

Subjects and Study Design
Sixty patients (32 M and 28 F) with hemiplegia after stroke were recruited at the (fully dependent-fully independent). Adaptation of Functional Independence
Clinical Evaluation
Scale to Turkish population, validity and reliability studies [29] .
Rehabilitation Program
The patient was divided into 3 groups: 
Ultrasound and ARFI Elastographic Technique
We used a Siemens ultrasound machine with an ARFI based elastography option of Virtual Touch IQ technology (Siemens ACUSON S2000™, Siemens Healthcare, Erlangen, Germany). US elastographic images of the study subjects' biceps muscles and gastrocnemius muscles (medial and lateral side) were obtained by a linear probe with 4 -9 MHz frequency bandwidt (9L4 Transducer, Siemens
Healthcare, Erlangen, Germany). All ultrasound measurements, before and after treatment were performed by the same radiologist who had 9 years of experience and who was blind to the patients. First of all the subjects were taken in a supine position on an examination platform and the biceps were measured. Then the subjects were turned to the prone position and the GCM was measured both medially and laterally. Affected and unaffected side biceps and gastrocnemius, ARFI elastography measurements were used to measure thickness and elastic values. In addition, before and after treatment, mm length and thickness were measured from all patients.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences software version 16.0 software (SPSS Inc., Chicago, IL, USA). Descriptive data were expressed in mean ± standard deviation, median, minimum-maximum and n (%). The Student's t-test and Mann-Whitney U tests were performed to 
Results
Of the 60 subjects, 28 were female (46.7%) and 32 (53.3%) were males, with an average age of 58.42 ± 9.03 years. Socio-demographic characteristics of the groups are shown in Table 1 .
There was no significant difference between the groups in terms of the FIM scores. There was a significant difference between the upper and lower limbs after the treatment in terms of Brunstroom staging In terms of MAS, there was a significant difference in lower extremity only after treatment (Table 2 ). There (Table 3) .
When compared to the affected/unaffected side, before and after treatment, there was a significant difference in the measurements in both the medial gastrocnemius and the lateral gastrocnemius in all three groups (Table 4) . There was a significant difference in the measurements of the biceps in the three groups compared to the affected/unaffected sides, before and after the treatment (Table 5 ).
Discussion
Our aim in this study was to evaluate the thickness and elasticity index of the affected/unaffected limb muscles in hemiplegic patients before and after treatment. The major findings of the present study were that 1) significant difference in before-treatment and after-treatment elastosonographic index and thickness in all three groups, 2) only a weak correlation was found in the lower extremity in terms of the mas scores, 3) good recovery was observed in NMES + Rehabilitation group while NMES or Rehabilitation groups had less recovery, and 4) neuromuscular electrical stimulation, unilateral/bilateral exercises have been
shown to provide similar neuromuscular responses when performed at the same relative load. To the best of our knowledge, in the literature, no other study has attempted to quantify the degree of muscle hardness in hemiplegia with biceps Open Journal of Therapy and Rehabilitation and GCM muscle using ARFI.
One of the most important problems in monitoring in Hemiplegia is the lack of suitable measuring tools for the assessment of the efficiency of diagnosis and treatment methods for muscle tonus in clinical practice. Clinical measurements can give some information (like MAS, Tardieu); however, these are subjective.
Evaluation of therapeutic efficacy should be based not only on the clinical findings but also on imaging findings. ARFI elastography is a new technique that can measure muscle tonus noninvasively and objectively, and it can indirectly inform us about muscle tonus and can help us to evaluate the efficiency of the treatments in these patients. Kesikburun et al. [23] . found a weak correlation in the study that elastography assessed the effect of spasticity on hemiplegia patients. Know et al. [27] . similar results found in the study of medial gastrocnemius spasticity in CP. Also, Yaşar et al. [24] . found high stiffness grades in spastic muscles in sonoelastographic parameters in their studies using MAS and Tardieu scales. Cho et al. assessed the spastic extremity (GCM and biceps) muscle of spinal cord injury (SCI) patients with the ARFI technique and found differences between spastic SCI patients, nonspastic SCI patients, and normal controls [30] . When we compared the results of the study, our results were similar.
In a study conducted with spastic biceps brachii muscles of stroke patients [31] , Askin et al. showed that strain index values decreased significantly after botulinum toxin-A injection. In another study [32] , when the biceps brachii shear wave speed was compared between the nonparetic and paretic sides, The shear wave speed was 69.5% greater in paretic muscle than nonparetic muscle (Cs = 3.67 ± 1.28 m/sec vs. 2.23 ± 0.40 m/sec; P < 0.001).
This difference can be due to a number of reasons; 1) muscle thickness is known to be influenced by many factors including age, gender, morphology. 2) muscles are subject to anisotropy, so there may be different results. 3) Also, this difference may have been caused by muscle weakness and inactivity and/or nutritional disorders secondary to hemiplegia in these patients.
Consequently, these changes appear to result in increased accumulation of collagen tissue content and loss of skeletal muscle fibers.
Our study had a few limitations. Firstly, the number of subjects was small so statistical power was low. Secondly, it was not possible to examine the relationship between the change in hardness and elasticity of the muscles and disease duration because patients in our study were diagnosed within 6 months. Finally, the absence of a control group with no hemiplegia was the main shortcoming of this study; to overcome it in this study a unaffected side was taken as the control group.
Conclusion
The role of elastography in evaluating hemiplegic patients is not clear when considering the difficulty in standardization. Further research with larger numbers
